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ABSTRACT 

 
Objectives: Temporary anchorage devices (TADs) provide skeletal anchorage for 

orthodontic tooth movement. TAD stability is defined as device retention during 

treatment. Insertion of TADs can either be hand-driven, relying on tactile sensation, or 

electric-driven, with established presets with specific torque and speed. Although device 

manufacturers claim that electric-driven insertion provides greater stability, this is 

currently unsubstantiated. The aim of this study was to compare stability, as measured by 

resistance to deflection, and insertion time of TADs placed using these two methods. 

Methods: Twenty TADs (Rocky Mountain Orthodontics; 1.6mm x 8mm) were 

inserted into synthetic bone blocks mimicking palatal bone: 20 PCF with a 1mm cortical 

plate of 40 PCF (Sawbones USA). TADs were inserted by two methods, hand-driven 

(n=10) and electric-driven (n=10; at 10 N•cm, 15 RPM) perpendicular to the surface of 

the bone blocks. All TADs were subjected to a tangential force using an Instron machine 

until their deflection measured 2.5mm. The force versus displacement over time was 

recorded and the slope was calculated to determine resistance to deflection. The insertion 

time was recorded for each TAD. 

Results: Hand-driven TADs had a mean resistance to deflection (76.30 N/mm ± 

11.70), yield point (43.61 N ± 4.34), and insertion time (28.929 s ± 3.47). Electric-driven 

TADs had a mean resistance to deflection (79.34N/mm ± 17.95), yield point (40.81N ± 

4.58), and insertion time (77.642 s ± 7.21). An independent samples t-test revealed no 

significant difference in TAD resistance to deflection (p=0.658) or yield point (p=0.177) 

between the two groups. Hand insertion time was on average 2.68 times faster (p=0.000) 
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than electric insertion time. Individual measurements had small standard deviations, 

indicating reliability to the experimental approach.  

Conclusion: There are no significant differences in stability between hand-driven 

and electric-driven TADs when studied by this method. These results indicate that 

electric drivers may require more operating time and do not necessarily provide more 

TAD stability. 
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CHAPTER 1 

INTRODUCTION 

 

Temporary anchorage devices (TADs) are used in orthodontics to provide 

anchorage to orthodontic treatment mechanics (Assad-Loss et al., 2017; McManus et al., 

2011).  TAD stability is defined as the propensity for the TAD to remain secure in the 

bone during the entire phase of its active treatment. Primary stability, the main method by 

which TADs achieve stability in the bone is defined as mechanical stability through 

interlocking of the TAD with the surrounding bone. Stability of TADs has been studied 

for TAD length (Fernandes, Elias, de Oliveira Ruellas, 2015; Leo et al., 2017; McManus 

et al., 2011), angle of insertion (McManus et al., 2011), and location of insertion within 

the mouth (Fernandes, Elias, de Oliveira Ruellas, 2015; Leo et al., 2017). Insertion torque 

effect on stability of TADs has also been studied, and it was reported that TADs inserted 

in the ranges of >5 to <10 N•cm, and >10 N•cm have a higher resistance to movement 

than TADs inserted with a torque of <5 N•cm (McManus et al., 2011). To date, however, 

only two studies have been conducted on the effect of electric driver insertion on stability 

versus the traditional hand-torquing instrument (Kim et al., 2012; Novsak et al., 2014). 

The former found that the electric driver led to higher primary stability, and the latter 

found that the manual driver led to higher primary stability. In the first study by Kim et 

al., the same operator placed all the TADs over a five-year period, with the motor-driven 

TADs placed in the final year. This does not rule out the possibility that the operator’s 

insertion skill may have improved over time as he became more experienced, which 

could have contributed to the relative success of the motor-driven TADs placed in this 
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study. The other study, by Novsak et al., found that manual insertion with a hand driver 

was associated with higher primary stability for TADs than insertion with an electric 

driver, contrary to what they were expecting to find.  

Insertion torque is not readily measured with the hand driver and relies on tactile 

senses. Rocky Mountain Orthodontics’ Orthonia power driver allows the clinician to set 

the insertion torque (Rocky Mountain Orthodontics, 2013). Rocky Mountain 

Orthodontics, therefore, claims that the Orthonia power driver leads to less TAD failure 

(Rocky Mountain Orthodontics, 2013). A major limitation of inserting TADs manually 

with a hand driver is that it does not provide an insertion torque reading and thus, the 

optimal insertion torque range cannot be guaranteed, which may risk the stability of 

TADs inserted into bone.  

Moreover, a previous study determined TAD stability by measuring the pull-out 

force (Shah et al., 2012). But TAD loosening is a more common source of TAD failure 

than TAD dislodgement (Lee et al., 2013). Additionally, clinical orthodontic forces are 

commonly tangential rather than purely vertical. Accordingly, to overcome the 

limitations of previous studies, that measured pull-out force, this study measured TAD 

stability in a more clinically relevant manner. Stability of the TADs placed in both 

experimental groups (hand-driven and electric-driven) was measured using TAD 

resistance to deflection upon a tangential force. Resistance to deflection was measured by 

calculating the slope of the force versus displacement over time for each sample. 

Another factor that was evaluated in this study was the insertion time for each 

group (hand-driven and electric-driven), which to our knowledge has not been previously 
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studied. Knowledge of insertion time difference, if any, could prove valuable when 

considering clinician productivity. 
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CHAPTER 2 

REVIEW OF THE LITERATURE 
 

2.1 History of Orthodontic Anchorage 
 

In orthodontic treatment, teeth are moved by application of mechanical forces. 

The orthodontist may direct these forces in differing magnitudes and directions 

depending on the type of tooth movement needed. Congruent with Newton’s Third Law 

of Motion, these forces applied to the teeth will generate reciprocal forces in equal and 

opposite directions. Sometimes these reciprocal forces may benefit the planned 

orthodontic treatment. More often than not, however, they lead to unwanted side effects 

such as, excessive proclination of anterior teeth (Feldmann & Bondemark, 2006). It is 

these side effects that led to the concept of orthodontic anchorage. Simply put, 

orthodontic anchorage is defined as the resistance to undesirable tooth movement 

(Proffitt et al., 2013). To expound on this definition, orthodontic anchorage is the ability 

to minimize and control unwanted reciprocal forces through the use of various 

orthodontic appliances and techniques (Kozel et al., 2016).  

The earliest concept of orthodontic anchorage can be traced back to 1723 when 

Pierre Fauchard created an expansion arch appliance. Interestingly, however, the idea of 

slipping anchorage was not demonstrated until 1836 when a German dentist, Friedrich 

Christoph Kniesel, created a novel method for rotating teeth through the use of 

fulcruming multiple teeth against one (Shetty et al., 2011). As clinical knowledge and 

expertise continued to grow, orthodontists became more attuned that the underlying 
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skeletal base and periodontal attachments—not just the teeth alone— served as important 

purposes in anchorage (Sandusky, 1951). 

 

2.2 Classification of Orthodontic Anchorage 
 

Throughout the years, orthodontists have created many classification systems for 

orthodontic anchorage. Nanda (1997) defined orthodontic anchorage as the amount of 

posterior tooth movement required to meet one’s treatment goals during extraction space 

closure (Figure 1). Extraction space closure is described as the closing of created spaces 

following tooth extraction by unifying the anterior and posterior segments of the arch 

(Ribeiro & Jacob, 2016). Nanda defined “A anchorage” as anchorage in which seventy-

five percent or greater of extraction space closure would be from anterior retraction, and 

as such, present a critical need to preserve posterior tooth position. “B anchorage” was 

defined as anchorage in which extraction space closure would result in an equal 

movement of anterior and posterior teeth. “C anchorage” was defined as anchorage in 

which extraction space closure would result from seventy-five percent or greater mesial 

movement of posterior teeth (Nanda, 1997). 

Figure 1. Classification of Orthodontic Anchorage 
Adapted from R. Nanda, 1997 
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Gianelly and Goldman (1971) classified anchorage on the basis of how much the 

active unit (tooth or group of teeth to be moved) and reactive unit (tooth or group of teeth 

acting as anchorage)  were needed to be moved. They defined maximum anchorage as 

anchorage in which the reactive unit must stay stationary. Minimum anchorage was 

defined as equal movement of the active and reactive units. Moderate anchorage was 

defined as greater movement of the active unit with some movement of the reactive unit 

(Gianelly & Goldman, 1971). 

Orthodontic anchorage is also broadly divided into extraoral anchorage and 

intraoral anchorage. Examples of extraoral orthodontic anchorage systems include the 

utilization of the head, face, and neck in various headgear treatments (Krishna, 2016). 

Examples of intraoral orthodontic anchorage systems include: the addition of teeth to one 

group to pit against a smaller group of teeth; the incorporation of differential moments; 

the utilization of intraoral soft tissues like the palate or lips; the utilization of 

intermaxillary elastics; the incorporation of functional appliances; and the employment of 

the skeletal system utilizing mini-implants (Krishna, 2016). 

 

2.3 History of Dental Implants 
 

Dental implants have been around as early as 600 AD when the Mayans used 

shells to replace missing lower teeth (Abraham, 2014). Since the Mayan dentistry, the 

first “successful” biocompatible, endosteal (in the bone) implant was placed in 1937 by 

Alvin and Moses Strock (Abraham, 2014). Eight years later, Gainsforth and Higley 

(1945) utilized implants for the purpose of orthodontic anchorage. They inserted 
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Vitallium screws into the anterior border of the ramus of the mandible of dogs and, with 

the use of a maxillary appliance and an orthodontic elastic, created some success in 

traction to certain teeth.  

In 1952, orthopedic surgeon, Dr. Per-Ingvar Branemark was studying the blood 

flow in rabbit legs when he fortuitously discovered that titanium alloy implants 

successfully anchor within the bone, a process he would later coin as “osseointegration” 

(Kim, 2014). A long-term study during a fifteen-year period by Adell et al. later 

confirmed that dental implants made of titanium alloys could successfully osseointegrate 

into bone (Adell et al., 1981). Later modifications of titanium alloy implants included 

surface treatments and coatings to improve osseointegration and healing (Abraham, 

2014).  

 

2.4 History of Orthodontic Miniscrews 
 

The success of dental implants paved the way for their use in other areas of 

dentistry like orthodontics. For years, orthodontists had long sought after a less compliant 

anchorage system. While many anchorage systems like extraoral appliances provided 

exceptional anchorage, they were limited in scope by their compliance (Wahl, 2008). In 

fact, Ghislanzoni found that children only wore their headgear effectively for 5.8 out of 

8.4 months, and that the average headgear wear time was only 6.4 out of a prescribed 12 

hours (Ghislanzoni, 2019). As a result, orthodontists began looking at dental implants to 

offset the downsides of noncompliance. The introduction of miniscrews (also called 
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temporary anchorage devices or TADs for short) had revolutionized the field of 

orthodontics (Tarraf, 2012).  

In 1983, Creekmore and Eklund successfully intruded the maxillary incisors after 

placing a titanium screw into the anterior nasal spine (Kuroda & Tanaka, 2014). Prior to 

this discovery, the titanium screws had been used in orthognathic surgery for 

intermaxillary fixation. Their intrusion finding paved the way for a new concept known 

as skeletal anchorage (Kuroda & Tanaka, 2014). 

In the 1990s, orthodontists in Eastern Asia shifted their research away from 

traditional dental implants towards miniscrews: smaller dental implants that were 

temporarily placed and later removed for orthodontic anchorage purposes only (Singh et 

al., 2010). This paradigm shift was a result of an increase in clinical complications of 

traditional dental implants including extended healing periods during osseointegration, 

laborious surgical planning and placement, and increased difficulty in implant removal 

(Shetty, 2011).  

These complications of conventional dental implants were in contrast to 

miniscrews which offered greater ease during placement, smaller implant diameters and 

lengths, increased number of available surgical sites, easier implant removal, and the 

ability for immediate loading of the implants (Shetty, 2011). In 1997, Kanomi became the 

first orthodontist to describe a mini-screw designed principally for orthodontic use and 

anchorage (Wahl, 2008). One year later, Costa et al.’s clinical trial of manually torqued, 

2-mm titanium miniscrews displayed promising results with an almost 90% success rate. 

In their study, the miniscrews were torqued directly through the mucosa without laying a 

flap. Only two out of sixteen miniscrews failed during treatment (Costa et al., 1998; 
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Rastogi et al., 2011). Costa et al.’s clinical trial also paved the way for today’s two 

anchorage system classifications for miniscrew use: direct and indirect anchorage (Wahl, 

2008). Direct anchorage is defined as clinical situations whereby the miniscrew and teeth 

to be moved (active unit) are directly pitted against one another. Therefore, all forces are 

between the miniscrew and active units themselves (Magkavali-Trikka, 2018). In 

contrast, indirect anchorage is defined as clinical situations whereby the miniscrew first 

establishes a rigid connection with certain teeth (reactive unit) for stabilization. 

Afterwards, these stabilized units are used as anchors to move additional teeth (active 

unit) in the dental arch (Magkavali-Trikka, 2018). 

 

2.5 Definition of Temporary Anchorage Devices (TADs) 
 
 TADs are miniscrews made of titanium-alloy; they were developed from 

variations of surgical screws used for rigid fixation in oral and maxillofacial surgery 

(Brettin, et al., 2008). They are available in various diameters and lengths (Figure 2): 

ranging in size from 1.2 to 2 millimeters in diameter and 6 to 12 millimeters length 

(Kravitz et al., 2007). 

Figure 2. Varying TAD designs. Adapted from Jeil Medical Corporation, 
2020. 
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In general, TADs can be broken down into four distinct anatomic parts: the head, 

collar, neck, and body (Figure 3). The head is the portion that remains visible once 

inserted and is the portion of the TAD where the force is applied. Different manufacturers 

make varying style heads: some are shaped like buttons and some have the ability to 

engage a wire similar to a twin bracket. The transmucosal neck is the portion that 

connects the head and the body. The collar acts as a stop guide during insertion and 

thereby rests on the gingiva upon insertion. It is wider than the body and neck and 

therefore acts to prevent gingival overgrowth once inserted. The body of the TAD is the 

threaded portion of the miniscrew, which is inserted into the bone. The body can be 

manufactured with different lengths, diameters, shapes, and varying thread designs.  

 

 

 

TADs can be inserted directly into the bone through the gingival tissue. The 

miniscrew provides anchorage by mechanically gripping to cortical bone, termed 

Figure 3. Anatomy of TADs. Adapted from Jeil Medical 
Corporation, 2020 
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“mechanical interlocking”, rather than by osseointegration (Herman & Cope, 2005). 

TADs can therefore be loaded immediately, eliminating the waiting period suggested 

with traditional endosteal implants to allow for osseointegration to occur (Herman & 

Cope, 2005). Additionally, TADs can be removed just as easily as they are inserted 

(Brettin, et al., 2008).  

 TADs have enabled orthodontists to correct many malocclusions, which 

previously could only be treated with orthognathic surgery such as skeletal open-bites 

(Scheffler, Proffit, & Phillips, 2014). Advantages of TADs in orthodontics include their 

small size, ease of placement, and versatility in site placement, minimal invasiveness, and 

reduced cost compared with other dental implants and surgical procedures (Brettin, et al., 

2008).  

On account of these aforementioned benefits, orthodontists have used miniscrews 

in a variety of clinical applications for orthodontic anchorage. These include: closure of 

extraction spaces to preserve posterior tooth anchorage and not deepen the bite; intrusion 

of over-extruded single teeth to correct vertical position; correction of a canted occlusal 

plane; molar intrusion to correct open bites; molar mesialization to close extraction 

spaces or spaces from missing teeth; molar distalization without causing incisor flaring; 

and intrusion of anterior teeth to correct deep bites (Rastogi, 2011). Miniscrews have 

additionally been used for molar uprighting (Magkavali-Trikka, 2018). Finally, 

orthodontists have begun using miniscrews to assist in rapid palatal expansion in post-

pubertal teenagers and adults to provide greater skeletal and orthopedic changes not 

normally seen in these age groups with conventional palatal expansion (Suzuki et al., 

2016). 
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2.6 Biomechanical Considerations with the Use of TADs 
 

TAD mechanics enable the orthodontist to establish easy and simple anchorage 

preparation on cases requiring maximum anchorage. They can also increase clinical 

efficiency and expand the range of orthodontic mechanotherapy (Graber et al., 2017). 

With a thorough understanding of TAD mechanics and biomechanical principles, the use 

of TADs for orthodontic anchorage can make: treatment mechanics easier to accomplish 

than other anchorage systems; minimize side effects seen in reduced anchorage systems; 

and maximize the advantage of skeletal anchorage. As an example, asymmetric tooth 

movement can be accomplished without the negative side effects on the contralateral side 

of the arch as the anchorage is not being supplied by the teeth (Graber et al., 2017). 

Orthodontic treatment can also be conducted more efficiently, because the TAD acts as a 

rigid anchorage system. Dental distalization, protraction, intrusion and extrusion are now 

more easily accomplished and more predictable with TADs than conventional mechanics 

(Graber et al., 2017).  

In a recent publication by Park (2020), biomechanical considerations with TADs 

were outlined. When designing goal-driven tooth movement, it is imperative to consider 

the center of resistance (CR) of the teeth. The CR of a tooth is the point at which a force 

directed to the tooth results in pure translation or bodily movement, analogous to the 

movement of a free body around its center of gravity (Smith & Burstone, 1984). 

Depending where the TAD is placed, the orthodontic force vector changes, which results 

in different effects in three planes of space. It is therefore important to foreshadow and 

control for these effects as they may lead to unwanted moments on the tooth/teeth (Park, 

2020). 
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2.7 Stability of TADs 
 

TAD stability is defined as the propensity for the TAD to remain secure in the 

bone during the entire phase of its active treatment (Brezulier & Sorel, 2016). According 

to Graber et al., TADs achieve a clinically acceptable success rate greater than eighty 

percent. However, they also noted that TAD loosening is not clinically uncommon. In the 

case of TAD loosening, it is suggested to modify the TAD location. Though, when the 

location cannot be modified, it is suggested to wait at least three to six months before 

replacing the TAD. This allows for the cortical bone to reform in that area (Graber et. al, 

2017). In rare cases where the TAD continues to fail, the treatment plan may need to be 

reconsidered (Graber et. al, 2017).  

TADs achieve successful skeletal retention in two ways: via primary and 

secondary stability. Primary stability refers to the mechanical engagement and 

interlocking of the TAD with the surrounding bone. It is especially important for short 

term, clinical success, for example one-to-two years during orthodontic treatment (Javed, 

2013). In contrast, secondary stability refers to the biological process of osseointegration 

that occurs between the TAD with the surrounding bone (Javed, 2013). 

Romano and Consolaro (2015) aimed to determine the factors of TAD placement 

technique which contributed to TAD successes and failures. They found that bone 

quality, buccolingual alveolar bone thickness, location of TAD placement, and length and 

diameter of TADs are all factors which contribute to TAD stability and success. They 

concluded that mini-implant placement should be performed after careful planning and 

with experienced technique (Romano & Consolaro, 2015). 
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Liou, Pai, & Lin, (2004) sought to evaluate whether TADs are in fact stationary in 

response to orthodontic forces. They determined that while TADs remain stable in the 

bone, they do not remain absolutely stationary throughout orthodontic force application. 

They found that upon orthodontic force loading, the TADs significantly tipped forward at 

the screw head and were extruded in roughly half of the patients. To account for potential 

migration, they suggested that clinicians should allow a two-millimeter safety clearance 

between the TAD and any anatomical structures (Liou, Pai, & Lin, 2004).  

 

2.8 Methods of Measuring TAD Stability 
 

To date, there is no gold standard for measuring TAD stability immediately upon 

placement. Meanwhile, the literature describes several quantitative methods for 

measuring stability such as insertion and removal torque, Periotest values, resonance 

frequency analysis, pull out strength, and TAD deflection (Reynders et al., 2012). 

Many have studied maximum insertion and removal torque as a measure of 

miniscrew stability (Kim et al., 2009; Lee et al., 2013; Motoyoshi et al., 2010). Higher 

insertion and removal torque values have been correlated with greater TAD stability. This 

is based on the notion that higher torque values correlate with more implant-to-bone 

interface. However, the potential for osseointegration of the TAD has been reported as a 

confounding factor in the removal torque values (Lee et al., 2013). 

Another study by Cha, Yu, & Hwang (2010) aimed to determine whether the 

widely used Periotest for dental implants was capable of measuring orthodontic 

miniscrew stability. Their results led to the conclusion that the Periotest was useful in 
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evaluating TAD stability. Nevertheless, its usefulness was limited to areas of highly 

dense bone with thick cortical plates. Therefore, they found the Periotest to only be truly 

applicable to TADs placed in the posterior mandible (Cha, Yu, & Hwang, 2010). 

Resonance frequency analysis (RFA) has been used to quantify the implant-to-

bone interface stiffness and is considered directly proportional to implant stability. It 

employs a small bending force to the implant via a transducer. The transducer is directly 

connected to the implant and emits electromagnetic impulses, which are recorded on an 

analyzing device (Seifi & Matini, 2016; Veltri et al., 2009). Veltri et al. (2009) attempted 

to measure TAD primary stability by utilizing RFA. They concluded that RFA was an 

applicable method of measuring TAD stability. A limitation of this study, however, was 

that the orthodontic miniscrews required modification by soldering them to an implant 

abutment in order to accommodate the transducer. Therefore, while RFA has potential to 

accurately test for primary stability of TADs, its drawback is that currently, there are no 

readily available adaptations of transducers specifically for TADs. Consequently, this 

downside precludes its clinical use in orthodontics at this time (Veltri et al., 2009). 

Many studies have measured the pull out strength (POS) required for TAD failure 

as a measure of TAD stability (Huja et al., 2005; Lee et al., 2013; Shah et al., 2012; 

Yerby et al., 2001). To test POS, a vertical force is applied until the TAD ejects from the 

bone (Shah et al., 2012). This test, however, is not feasible in human trials and lacks 

clinical relevance as heavy and pure vertical forces are rarely applied to miniscrews (Kim 

et al., 2012). 

In clinical situations, TADs are rarely loaded with perpendicular forces. Rather, 

these forces are usually applied to the miniscrew head, creating a shear-like effect. Kim et 
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al. (2012) suggested that studies applying orthodontic forces to orthodontic miniscrews 

should simulate common clinical scenarios. Therefore, studies should apply shear forces 

rather than vertical forces. Another, more clinically representative method of measuring 

TAD stability is the resistance to deflection of a TAD by continuous orthodontic force 

loads. This method was demonstrated in the studies conducted by Brettin et al. (2008), 

McManus et al. (2011), and Tatli et al. (2019). They measured TAD stability by applying 

continuous tangential forces to TADs inserted into bone. They then measured the force 

required to cause a deflection of 1.5 millimeters (the clinically significant deflection 

threshold) so as to mimic TAD mobility with the potential for clinical failure.   

      

2.9 TAD Placement: Location and Angle of Insertion 
 

The intraoral location of TAD placement is highly important for many factors. 

First, the location of placement determines the vector of the force on the teeth. It is 

therefore necessary to plan biomechanical goals ahead of time to determine the ideal 

location of TAD placement. Second, TAD placement between dental roots may restrict 

tooth movement of adjacent teeth because of the lack of available space (Graber et. al, 

2017). Third, placing TADs in a location of optimal bone quality will lead to better TAD 

success and therefore more reliable anchorage (Romano & Consolaro, 2015; Kravitz & 

Kusnoto, 2007). Brettin, et al. (2008) found that TADs placed through the entire width of 

the alveolus – two cortical plates (bicortical) rather than one (monocortical) – have 

superior anchorage resistance, reduced cortical bone stress, and superior stability. 

Therefore, when the orthodontist designs treatment plans that include TAD mechanics, it 
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is imperative that they consider the above when deciding the location of TAD placement 

in order to achieve the best clinical results.  

Tatli et al., (2019) studied the effects of diameter, length and insertion angle of 

TADs on their resulting anchorage value. They found that an oblique insertion angle of 

seventy degrees rather than a perpendicular insertion angle was more stable. They also 

found that wider TAD diameters of 2.0 mm were more stable than thinner diameters of 

1.6 mm. Interestingly, TAD lengths were not found to have as significant of an effect. 

Overall, they concluded that clinicians should evaluate the ideal insertion site and use that 

to guide the optimum choice for length, diameter, and insertion angle of the TAD. This 

guideline would lead to the most successful TAD stability and therefore best clinical 

outcome (Tatli et al., 2019).  

 

2.10 TAD Insertion Torque 
 

Insertion torque, expressed in Newton per centimeter (N•cm), has been suggested 

as a parameter in TAD success or failure (McManus et al., 2011; Motoyoshi et al., 2006). 

Insertion torque results from frictional resistance between the screw thread and its 

surrounding bone (Reynders et al., 2012). Research has suggested that excessive insertion 

torque may lead to microfracture, ischemia, and necrosis of the surrounding bone, 

thereby negatively influencing the success of the miniscrew (Lee & Baek, 2010; 

Motoyoshi et al., 2006; Wawrzinek, Sommer, & Fischer-Brandies, 2008).  

Based on the possibility that excessive insertion torque could potentially cause 

bone necrosis, Motoyoshi et al. (2006), sought to identify the recommended placement 
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torque for orthodontic miniscrews. They found that TADs placed with a maximum 

insertion torque in the range of 5 to 10 N•cm had significantly higher success rates than 

those inserted with torques of less than 5 N•cm and greater than 10 N•cm. They therefore 

concluded that the optimal insertion torque for mini-implants was between 5 to 10 N•cm. 

This was subsequently confirmed by an ex-vivo study which found that miniscrews 

placed with lower maximum placement torque of less than 5 N•cm had a lower resistance 

to movement than those placed with higher maximum placement torque in both the 5 to 

10 N•cm group and the greater than 10 N•cm  group (McManus et al., 2011). 

Later, a systematic review conducted by Reynders et al. (2012) sought to 

determine if there was a difference in stability for TADs inserted with limited maximum 

insertion torque values of 5 to 10 N•cm compared with TADs inserted with higher 

maximum torque values. They concluded that at that time, there was no evidence to 

support that TADs inserted with limited maximum insertion torque values of 5 to 10 

N•cm were more stable than those inserted with higher maximum torque values. As a 

result, they were not able to identify an ideal insertion torque; however, they also 

concluded that additional research on the topic was necessary. Many of the included 

studies that found correlations between limiting maximum insertion torque values and 

TAD success were based on literature rated as low quality. The authors recommended 

further high-quality studies. They suggested starting from laboratory research models that 

studied maximum insertion torque tests on artificial bone, quantitative associations 

between maximum insertion torque and the stability of TADs, and measured maximum 

insertion torque with digital torque sensors (Reynders et al., 2012). 
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2.11 Manufacturing of TADs and Methods of TAD Insertion 
 

Orthodontic miniscrews are manufactured in one of two major insertion designs: 

self-tapping and self-drilling. Self-tapping TADs require the orthodontist to create a pilot 

hole that is pre-drilled prior to miniscrew insertion. The pilot hole should be slightly 

smaller than the diameter of the TAD (Yi et al., 2017). In contrast, self-drilling TADs 

require no pilot hole, because the miniscrews are manufactured specifically to have 

cutting threads along with a pointed screw tip. Advantages to the self-drilling technique 

include reduced bone damage, quicker insertion times, and reduced patient discomfort 

(Yi et al., 2017). Nevertheless, orthodontists should use pilot holes when placing TADs 

in areas of dense cortical bone (Kravitz & Kusnoto, 2007).  

A recent meta-analysis concluded that self-tapping and self-drilling miniscrews 

have similar short-term and long-term success rates. However, self-drilling miniscrews 

were more susceptible to TAD mobility and failure when placed in contact with dental 

roots. As a result, researchers recommended orthodontists place greater care and 

precision during placement of self-drilling TADs in areas of close root proximity (Yi et 

al., 2017). 

In addition to manufacturing designs, TADs may be inserted by one of two 

instruments: hand-drivers and motor-driven handpieces. Hand-drivers require manual 

manipulation of the driver to torque the TAD into the bone. They are the more common 

instrument for TAD insertion (Kim et al., 2012). In contrast, motor-driven handpieces 

require no manual torquing. They are controlled via a rotational speed control and torque 

setting. The orthodontist applies minimal finger pressure as the handpiece slowly torques 

the miniscrew into the bone (Kim et al., 2012). 
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While both instruments provide successful TAD insertion and placement, hand-

drivers require more tactile skills. Inexperienced orthodontists may incorrectly alter the 

insertion angle during TAD placement leading to greater mobility. Loose miniscrews will 

not regain their stability and therefore must be removed and reinserted (Kravitz & 

Kusnoto, 2007). Another complication that can arise is when excessive torsional stress is 

placed on the TAD during insertion. This can result in small cracks in the surrounding 

bone reducing stability and even TAD fracture (Kravitz & Kusnoto, 2007). In fact, Kim 

et al. recommended that inexperienced orthodontists initially use the hand-driver to learn 

proper tactile sensation during TAD placement to improve their clinical skills (Kim et al., 

2012). By contrast, motor-driven handpieces can help stabilize the angle of TAD 

insertion, minimize the torsional stress on the TAD by limiting excessive pressure, and 

maintain a constant, slow rotational speed. The drawback to the motor-driven handpiece 

is their high cost. They also require a sound understanding of its torque and rotational 

speed controls for pre-setting prior to TAD insertion (Kim et al., 2012).  

To our knowledge, only two other studies have been conducted comparing the 

success of manual and motor-driven orthodontic miniscrews, (Kim et al., 2012; Novsak 

et al., 2014) and they found conflicting results. The first study was a retrospective clinical 

study conducted in a private practice in Korea over the course of five years by a single 

operator. Their results showed that miniscrews 8 mm in length had significantly higher 

success rates than the 6 mm long miniscrews when inserted in a motor-driven fashion. 

They concluded that the motor-driven insertion method was helpful in the success of 

miniscrew placement (Kim et al., 2012). A major limitation of their study was that the 

operator’s technique may have improved over time, and the electrically driven TADs 
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were placed in the final year of the study. This could have contributed to the concluded 

success of the motor-driven TADs (Kim et al., 2012).  

The second study was an ex vivo study utilizing porcine ribs. They compared 

manually and electrically driven TADs, inserted perpendicular to the bone blocks, and 

measured their insertion torque values. For the electric driven group, they set the RPM to 

twenty. Similarly to the previously mentioned study, this study had one operator placing 

all the TADs as well. They concluded that hand-driven insertion resulted in more primary 

stability than motor-driven insertion, however they could not explain why.  

In order to address and overcome the limitations of the aforementioned studies, as 

well as help reach a consensus for conflicting evidence in the literature, this study will 

investigate the effect of method of TAD insertion on primary stability in a setting that 

controls for operator experience, bone thickness and quality variability, and variations in 

magnitude and angle of force applied. In addition, this study will be the first of our 

knowledge to investigate the insertion times of manual and electric TAD insertion 

methods, which is a novel yet clinically important concept.  

  



22 

CHAPTER 3 

AIMS OF THE INVESTIGATION 
 

The purpose of this study is to evaluate TAD stability after insertion into bone 

blocks utilizing two different clinical methods. 

 

Specific aims include: 

● To evaluate the stability of TADs after insertion into synthetic bone blocks 

utilizing two different techniques including power-driven and hand-driven. 

● To evaluate the duration of TAD insertion times utilizing two different techniques 

including power-driven and hand-driven. 

 

The null hypothesis is that there will be no differences in the stability or insertion time of 

TADs between power-driven and hand-driven insertion methods. 

 

Significance 

If this study can demonstrate that there is a significant difference in stability 

between TADs inserted with a power driver versus a hand driver, then perhaps these 

findings will begin to resolve the conflicting data in the literature between different 

insertion methods, and recommend protocols for further analysis. Over time, we are 

hopeful that this may lead to less TAD failure in the future and ultimately, to better 

control of orthodontic anchorage resulting in superior and more efficient clinical 

outcomes.   
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CHAPTER 4 

MATERIALS AND METHODS 
 

4.1 Insertion and Testing 
 

Twenty (N=20) TADs of 1.6 mm diameter and 8 mm length were inserted into 

synthetic bone blocks (Sawbones USA) of 30×30×30 mm3. The TADs used in this study 

were made by Rocky Mountain Orthodontics (Figure 4). They had a cross top with an 

0.022" size arch slot, permitting archwire insertion. Their neck allows for easy 

attachment of orthodontic power chains and Nitinol coil springs. While not an in vivo 

study, a clinical advantage of their design is their low profile thereby reducing patient 

irritation and their oversized collar to resist gingival overgrowth. They were designed to 

be self-drilling, eliminating the need for any pilot hole (Rocky Mountain Orthodontics, 

2013).  

Figure 4. TADs used in the study. Adapted from Rocky Mountain 
Orthodontics, 2013. 
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 The synthetic bone blocks were custom designed with the manufacturer, as seen 

in Figure 5. This synthetic bone has been used in several previous TAD studies 

(Tepedino, Masedu, & Chimenti, 2017; Vilani et al., 2015). Their size was selected to 

ensure that the TAD had ample material around it. Their density was chosen to mimic the 

structure (porosity, mechanical) of palatal bone. In general, bone has two layers: a spongy 

cancellous bone layer, and a much more dense cortical layer on the surface. As reported 

by previous studies (Hung et al., 2012; Kim et al., 2020; Tepedino, Masedu, & Chimenti, 

2017), the blocks were designed with a density of 20 PCF, to mimic the cancellous bone 

layer of the palate, with a 1 mm laminated layer of 40 PCF, mimicking the cortical plate 

of the palate.  

 

TADs were all placed by one operator (L.P.) in the center of the 40 PCF surface 

of each block, perpendicular to the surface. To account for soft tissue, TADs were 

inserted until the distance between the bone block surface and the TAD collar was 1 mm, 

Figure 5. Synthetic Bone Blocks 
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measured with a periodontal probe. TADs were inserted by two methods (N=10 per 

group): 

1.  Manual hand driver  

2.  Rocky Mountain Orthodontics’ Orthonia Power Driver (motor-driven 

handpiece) configured with the settings used in the Temple University Kornberg School 

of Dentistry’s Orthodontic Clinic: Low torque (10 N•cm), low RPM (15 RPM). 

Each TAD insertion was timed with a millisecond stopwatch using an apple 

iPhone and times were recorded. Steel ligatures were tied and twisted around the head of 

each TAD. Examples of the inserted TADs for the power driven group are presented in 

Figure 6.  

 

 

Each block was then secured into the Instron machine with a fixation screw, as 

seen in Figure 7. Other studies have reported that 1.5mm of deflection that is clinically 

significant and could lead to TAD failure (McManus et al., 2011). To evaluate the 

stability in our study, each TAD was pulled tangentially with a constant strain rate of 

Figure 6. Electrically-Driven TADs 
Group 
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0.05mm per second using the Instron machine until the actuator was displaced 2.5 mm, to 

include the 1.5mm of deflection used in other studies and more. The force was placed at a 

90-degree angle with respect to the TAD and parallel to the surface of the bone block 

(Tatli et al., 2019; Tepedino, Masedu, & Chimenti, 2017) as presented in Figure 7. The 

Instron machine recorded the force versus displacement of the actuator for each TAD 

sample. The slope of this curve represented the stiffness for each sample, which we used 

as a measure of stability. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 7. Instron Machine Setup 



27 

4.2 Data Processing 
 

The Instron machine generated a spreadsheet which output values of the force 

versus displacement over time for each sample. All data was compiled in Microsoft Excel 

and the graph for each TAD’s force versus displacement curve was generated. Using 

these graphs, the initial portion of the data of each curve was eliminated. This represented 

the initial elongation of the stainless steel ligatures connecting the TAD to the actuator. 

This enabled us to calculate the real displacement of each sample. The yield point of each 

curve was also identified by visualizing the point at which the relationship between the 

force and displacement was no longer linear. The slope of the linear portion of each curve 

was then calculated to determine the stiffness, or resistance to deflection. The resistance 

to deflection, yield point, and insertion times were averaged for the hand-driven and 

power-driven groups respectively and the standard deviations were calculated. 

 

4.3 Statistical Analysis 
 

An independent t-test using a 95% confidence interval (p<0.05) was conducted to 

compare the resistance to deflection and yield point between the two groups.  
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CHAPTER 5 

RESULTS 
 

 The force versus displacement curves for all evaluated hand-inserted TADs are 

presented in Figure 8. The maximum displacement of each sample ranged from 0.46mm 

to 0.70mm. The total force to reach maximum deflection ranged from 38.58N to 50.93N.   

 

The force versus displacement curves for all evaluated electric-inserted TADs are 

presented in Figure 9. The maximum displacement of each sample ranged from 0.43mm 

to 0.599mm. The total force to reach maximum deflection ranged from 34.63N to 

47.03N.  

 

Figure 8. Hand-driven Force versus Displacement Curve Per Sample 
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A comparison of the average force versus displacement for each group, hand and 

power is presented in Figure 10.  

Figure 9. Power-driven Force versus Displacement Curve Per Sample 
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Hand-driven TADs had a mean resistance to deflection (76.30 N/mm ± 11.70), 

yield point (43.61 N ± 4.34), and insertion time (28.929 s ± 3.47). Electrically-driven 

TADs had a mean resistance to deflection (79.34 N/mm ± 17.95), yield point (40.81 N ± 

4.58), and insertion time (77.642 s ± 7.21). The mean resistance to deflection for the 

hand-driven and power-driven groups are represented in Figure 10. Likewise, the mean 

yield point for each group is represented in Figure 11 below. Hand insertion time was on 

average 2.68 times faster (p=0.000) than electric insertion time. The mean insertion time 

for each group is represented in Figure 12.  

Figure 10. Hand vs. Power Average Force versus Displacement 
Curves 
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Figure 11. Hand vs. Power Resistance to Deflection (p=0.658) 

Figure 12. Hand vs. Power Yield Point (p=0.177) 
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An independent samples t-test using a 95% confidence interval revealed no 

significant difference in TAD resistance to deflection (p=0.658) or yield point required 

for deflection (p=0.177) between the two groups. These statistical results are summarized 

in Appendix A.  

  

Figure 13. Hand vs. Power Insertion Time (p=0.000) 
* Indicates significance level <0.05 
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CHAPTER 6 

DISCUSSION 
 

6.1 Results in Comparison to Current Literature 

 
As TADs become more integrated into the common armamentarium utilized by 

orthodontists to achieve anchorage during orthodontic tooth movement, it is critical for 

orthodontists to feel confident that the TADs they insert are reliably stable. Achieving an 

overall highly reliable TAD stability rate will lead to successful and predictable outcomes 

for orthodontists who incorporate them into their practices.   

Our results found no significant difference in stability between hand-driven and 

electrically-driven TADs after insertion into synthetic bone blocks. This differs from Kim 

et al., which found that electrically-driven TADs are more stable. This also differs from 

Novsak et al., which found that manually-driven TADs are more stable.  

Kim et al., was a retrospective clinical study conducted in a private practice in 

Korea over the course of five years. They determined success or failure of TADs six 

months after placement, by defining failure as any TAD that demonstrated mobility or 

loosening. Their results showed that the motor-driven insertion method was significantly 

more successful in miniscrew placement than the hand-insertion method, with the electric 

group at 89.4% success and the manual group at 69.2% success (Kim et al., 2012). For 

the motor-driven TADs, they used an insertion torque setting of 20 N•cm (versus 10 

N•cm, in our study) and an insertion speed of 15 RPM (same as ours). 

When considering the differences between Kim et al. and our study, it is 

important to note that their study was a clinical study, conducted on patients undergoing 
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active treatment. While there were more variables that are more difficult to control than a 

laboratory setting with synthetic bone, they had the benefit of evaluating TAD stability in 

more realistic situations. Their definition of failure versus success was not as concrete 

and could not be quantified as it was in our study. These reasons could account for the 

difference in findings between their study and ours. 

As mentioned previously, a significant limitation to consider when evaluating the 

study by Kim et al. is that all of the TADs were placed by the same operator over time. 

The manually driven TADs were placed first between 2005 and 2009, and later, the 

motor-driven TADs were placed from 2009 to 2010 (Kim et al., 2012). The operator’s 

insertion skill may very well have improved over the five years as he became more 

experienced, and we believe this could have contributed to the relative success of the 

motor-driven TADs placed in the final year of the study. This limitation may account for 

the difference in findings between our study and Dr. Kim and his colleagues.  

Novsak et al., was an ex vivo study that utilized porcine rib bone. They tested six 

different mini-implant types with varying diameters and lengths, inserted into the bone at 

ninety degrees like in our study. In this study they used a power driver setting of 20 

RPM, versus 15 RPM in ours.  They used maximal insertion torque as a measure of 

primary stability, which differs from our study so they cannot be quantitatively 

compared. They found that in the hand-driven group, the insertion torque values 

fluctuated in waves during insertion as the TAD was rotated into the bone. The 

electrically-driven group, on the other hand, had a steady increase in insertion torque 

values. Overall, insertion torque values were higher for the hand-driven group than the 

electrically-driven group. They concluded that hand-driven insertion resulted in more 
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primary stability than motor-driven insertion, however they could not explain why. This 

was in fact contrary to what they were expecting to find.  They did conclude though that 

thicker cortical bone and larger implant diameters seemed to be stronger predictors of 

primary stability than manual insertion method. They hypothesized that this in part could 

be due to the superior tactile sensation the operator gets with the manual driver when 

compared with the electric driver. These findings are in contrast our study, which found 

no significant difference.  

In our study, we determined the yield point for the hand-driven group had a mean 

of 43.61 N ± 4.34, and the electrically-driven TADs had a mean yield point of 40.81 N ± 

4.58, corresponding to a mean deflection of 0.587mm and 0.546mm respectively. On the 

topic of resistance to deflection, McManus et al. (2011) used this method to study the 

ideal insertion torque range for TAD placement. They as well inserted TADs 

perpendicular to the bone surface, and tested varying insertion torque values on TAD 

stability. They used a cutoff of 0.6mm deflection. At the 0.6 mm deflection, the forces 

required to produce such deflection were lower (25-30 N) for the miniscrews placed with 

lower maximum placement torque of less than 5 N•cm, whereas those placed with higher 

maximum placement torque in both the 5 to 10 N•cm group and the greater than 10 N•cm 

groups required forces in the range of 40-43 N to cause 0.6 mm of deflection. These 

results indicated that too low of an insertion torque had a lower resistance to movement 

(McManus et al., 2011). When comparing the groups in their study that had 10 N•cm 

insertion torque ranges to the power-driven group in our study, which used an insertion 

torque of 10 N•cm, the insertion forces required to cause a 0.5-0.6mm deflection were 

very similar (40-43N in theirs and 40.81 ± 4.58 in ours). 
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To our knowledge, no studies to date have evaluated the insertion times for hand-

driven or electric-driven TADs. This is surprising as it is very clinically relevant. 

Clinician chair time affects productivity and profitability in an orthodontic practice, so 

clinical efficiency is of utmost importance. Ultimately, clinicians should use the insertion 

method that they feel will enable them to perform their best. However if a clinician has 

no preference, this study indicates that hand-driven TAD insertion is markedly quicker 

than electric-driven insertion. 

 

6.2 Limitations of the Study and Future Considerations 
 
 

High cost of the study design was a limitation for this study as it led to a small 

sample size of ten TADs per group. Due to the small sample size, only one power driver 

setting could be tested for insertion torques and RPM. It is possible that testing other 

settings on the driver could have led to different results. To compare hand versus electric 

insertion further, future studies could include more groups with different power driver 

settings. This could help identify if there is a specific setting with the power driver that 

provides ideal stability. These changes could also affect the insertion time of the power-

driven TADs which was significantly higher than the manually-driven TADs. 

Due to the small sample size of this study, only one angle of insertion could be 

tested, in this study we chose perpendicular to the bone surface. However, we know from 

previous studies that different insertion angles can affect stability as well, so future 

studies with larger sample sizes could include different insertion angle groups as well. 
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Additionally, this preliminary study used synthetic bone, in order to control for 

variables of bone thickness between the two groups. Also, genuine human bone has 

properties that synthetic bone cannot mimic. It is possible that faster insertion times 

combined with higher torque could lead to bone necrosis. This could affect bone stability 

over time. This cannot be tested with synthetic bone. Therefore, in vivo tests are required 

to further validate the claim that faster times can benefit clinical productivity without 

compromising stability. 

Future studies could include genuine bone rather than synthetic. Further 

alterations to the study design, such as modifications in the length and width of the TADs 

used, as well as different bone densities to mimic different intraoral locations may lead to 

different results. 

Finally, for consistency’s sake, one operator inserted all TADs in this study. 

However, every operator applies a different amount of force when inserting TADs, which 

may affect their stability. Future studies conducted by a different operator may find 

different results as well. It would be interesting to compare multiple groups of hand-

driven TADs by multiple operators, to compare operator tactile senses plays a key role in 

TAD stability. Additionally, to mimic clinical situations even further, future studies could 

test TAD deflection at lighter forces over longer periods of time. 

 

6.3 Findings of the Study and Clinical Significance 
 
 

This study did not reveal any difference in the stability of hand-driven and power-

driven TADs when subjected to a tangential force and after insertion into synthetic bone. 
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This study did, however, highlight a marked difference in insertion time between the two 

groups. We found that the hand-driven insertion was significantly quicker than power-

driven insertion, at a rate of 2.68 times faster. Although manufacturers claim that power 

drivers lead to more TAD stability, our study suggests that these claims may not hold 

true. Based on our study, TADs inserted using either method provided equivalent 

stability. Orthodontists may also save valuable clinical chair time when using the manual 

hand driver. Quicker placement time may also improve the patient experience. 
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CHAPTER 7 

CONCLUSIONS 
 

This study evaluated the effect of different methods of TAD insertion (by hand 

and by an electric driver) on TAD stability and insertion time. Ten TADs were inserted 

into synthetic bone blocks mimicking palatal bone, timed their insertion, and subjected 

them to tangential forces to test their resistance to movement as a measure of stability. 

Our results found no significant differences in stability between hand-driven and 

electrically-driven TADs. This study did, however, find a significant difference in 

insertion time between hand-driven and electrically-driven TADs, with hand-driven 

insertion time being nearly three times as fast as electrically-driven. These results 

indicate that electric drivers may require more operating time and do not necessarily 

provide more TAD stability. Future studies with natural bone and varying electric driver 

settings may provide different results. 
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 APPENDIX A 

RESULTS TABLE 
 

 

  

          

Sig. (2-
tailed) 

Mean 
Difference 

Std. Error 
Difference 

95% Confidence Interval of 
the Difference 

Lower Upper 
Resistance 
to 
Movement 

Equal 
variances 
assumed 

0.658 -3.04643 6.77578 -17.28181 11.18895 

Yield Point Equal 
variances 
assumed 

0.177 2.80344 1.99570 -1.38938 6.99626 

Table 1: Independent Samples 
Test 


